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Occelli﻿ &﻿ Re,﻿ 2017).﻿The﻿ analysis﻿ highlighted﻿ the﻿ specificities﻿ of﻿ the﻿ lab﻿ working﻿
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Typology﻿of﻿alarm personal collective﻿-﻿personal personal personal﻿-﻿collective
Target﻿(who﻿receives﻿the﻿
communication)












Context daily﻿life work daily﻿life work
Figure 1. Toxicology lab map
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Three﻿ kinds﻿ of﻿ risks﻿ can﻿ occur﻿ at﻿ the﻿Toxicology﻿ Lab﻿ (sorted﻿ by﻿ frequency﻿ of﻿
occurrence):
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Figure 2. Architecture of the prototype
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Figure 3. Interaction flow
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Figure 5. Wearable device scheme
Figure 6. Wearable device electronics
Figure 4. Wristband (a), Armband (b), Necklace (c)
International Journal of Mobile Human Computer Interaction



















projector﻿ is﻿ directly﻿ connected﻿ to﻿ a﻿ mini﻿ iPad﻿ through﻿ the﻿ lighting﻿ port.﻿Via﻿ the﻿
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Figure 7. iPad screen
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2.﻿﻿ Collective﻿ exposure﻿ to﻿ acutely﻿ toxic﻿ chemicals.﻿The﻿ sensors﻿ placed﻿ in﻿ close﻿
proximity﻿to﻿the﻿tanks﻿for﻿chemical﻿disposal﻿detect﻿acetonitrile﻿in﻿the﻿environment,﻿
and﻿the﻿alarm﻿system﻿sets﻿on.﻿At﻿the﻿same﻿time﻿the﻿wearable﻿activates﻿vibration﻿
Figure 8. The online report
Table 2. Participants features
Participants’﻿Codes P1 P2 P3 P4 P5 P6 P7 P8
Gender M M F M M F F M
Age 49 50 59 54 55 59 24 25
Height﻿(cm) 178 184 174 185 160 174 160 179
Weight﻿(kg) 104 113 62 72 66 61 40 67
Wrist﻿circumference﻿(cm) 18.5 18.4 16 17 15.2 15.5 13 17
Neck﻿circumference﻿(cm) 42 44.2 34 38 35 36.4 27 34
Indoor﻿working﻿sector B A D C A D B C
International Journal of Mobile Human Computer Interaction















































International Journal of Mobile Human Computer Interaction





























































Figure 9. Item example
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Figure 10. Usability Dimensions and Clusters Results (The Error Bars Refer to Standard Deviation)
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6.4. Comparison of the wearable devices

















Talking﻿ about﻿ the﻿ device’s﻿ adjustability﻿ and﻿ adaptability﻿ to﻿ anthropometric﻿













International Journal of Mobile Human Computer Interaction











































International Journal of Mobile Human Computer Interaction






International Journal of Mobile Human Computer Interaction




interactions:﻿ Some﻿ empirical﻿ evidence﻿ based﻿ on﻿ operational﻿ data.﻿ In﻿ ECSCW_07﻿
Workshop﻿Diagnostic﻿Aids﻿(pp.﻿5-7).










Chun,﻿ J.,﻿ Han,﻿ S.﻿ H.,﻿ Park,﻿ G.,﻿ Seo,﻿ J.,﻿ &﻿ Choi,﻿ S.﻿ (2012).﻿ Evaluation﻿ of﻿ vibrotactile﻿
feedback﻿for﻿forward﻿collision﻿warning﻿on﻿the﻿steering﻿wheel﻿and﻿seatbelt.﻿International﻿
Journal﻿of﻿Industrial﻿Ergonomics,﻿42(5),﻿443–448.﻿doi:10.1016/j.ergon.2012.07.004
Cvach,﻿ M.﻿ (2012).﻿ Monitor﻿ alarm﻿ fatigue﻿ an﻿ integrative﻿ review.﻿ Biomedical﻿
Instrumentation﻿ &﻿Technology,﻿ 46(4),﻿ 268–277.﻿ doi:10.2345/0899-8205-46.4.268﻿
PMID:22839984
Edworthy,﻿ J.﻿ (1994).﻿ The﻿ design﻿ and﻿ implementation﻿ of﻿ non-verbal﻿ auditory﻿
warnings.﻿Applied﻿Ergonomics,﻿25(4),﻿202–210.﻿doi:10.1016/0003-6870(94)90001-9﻿
PMID:15676970
Edworthy,﻿ J.,﻿ &﻿ Hellier,﻿ E.﻿ (2006).﻿ Alarms﻿ and﻿ human﻿ behaviour:﻿ Implications﻿ for﻿
medical﻿alarms.﻿British﻿Journal﻿of﻿Anaesthesia,﻿97(1),﻿12–17.﻿doi:10.1093/bja/ael114﻿
PMID:16698858
Gediga,﻿G.,﻿Hamborg,﻿K.,﻿&﻿Düntsch,﻿ I.﻿ (1999).﻿The﻿ IsoMetrics﻿usability﻿ inventory:﻿
An﻿operationalization﻿of﻿ISO﻿9241-10﻿supporting﻿summative﻿and﻿formative﻿evaluation﻿
of﻿ software﻿ systems.﻿ Behaviour﻿ &﻿ Information﻿ Technology,﻿ 18(3),﻿ 151–164.﻿
doi:10.1080/014492999119057









International Journal of Mobile Human Computer Interaction




Johnson,﻿ K.﻿ R.,﻿ Hagadorn,﻿ J.﻿ I.,﻿ &﻿ Sink,﻿ D.﻿ W.﻿ (2017).﻿ Alarm﻿ safety﻿ and﻿ alarm﻿
fatigue.﻿ Clinics﻿ in﻿ Perinatology,﻿ 44(3),﻿ 713–728.﻿ doi:10.1016/j.clp.2017.05.005﻿
PMID:28802348
Li,﻿ I.,﻿ Dey,﻿ A.,﻿ &﻿ Forlizzi,﻿ J.﻿ (2010).﻿ A﻿ Stage-Based﻿ Model﻿ of﻿ Personal﻿ Informatics﻿
Systems.﻿In﻿Proceeding﻿of﻿the﻿28th﻿International﻿Conference﻿on﻿Human﻿Factors﻿in﻿
Computer﻿Systems﻿-﻿CHI﻿2010﻿(pp.﻿557-566).﻿ACM﻿Press.﻿doi:10.1145/1753326.1753409
Lukowicz,﻿ P.,﻿ Kirstein,﻿T.,﻿ &﻿Tröster,﻿ G.﻿ (2004).﻿ Wearable﻿ systems﻿ for﻿ health﻿ care﻿
applications.﻿Methods﻿of﻿Information﻿in﻿Medicine,﻿43(3),﻿232-238.
Lund,﻿ A.﻿ M.﻿ (2001).﻿ Measuring﻿ usability﻿ with﻿ the﻿ USE﻿ questionnaire.﻿ Usability﻿
interface,﻿8(2),﻿3-6.
Mansor,﻿ Z.,﻿ Kasirun,﻿ Z.﻿ M.,﻿Yahya,﻿ S.,﻿ &﻿ Arshad,﻿ N.﻿ H.﻿ (2012).﻿ The﻿ Evaluation﻿ of﻿
WebCost﻿ Using﻿ Software﻿ Usability﻿ Measurement﻿ Inventory﻿ (SUMI).﻿ International﻿
Journal﻿of﻿Digital﻿Information﻿and﻿Wireless﻿Communications,﻿2(2),﻿197–201.
Meng,﻿ F.,﻿ &﻿ Spence,﻿ C.﻿ (2015).﻿ Tactile﻿ warning﻿ signals﻿ for﻿ in-vehicle﻿ systems.﻿
Accident;﻿ Analysis﻿ and﻿ Prevention,﻿ 75,﻿ 333–346.﻿ doi:10.1016/j.aap.2014.12.013﻿
PMID:25569607
Meredith,﻿C.,﻿&﻿Edworthy,﻿J.﻿(1995).﻿Are﻿there﻿too﻿many﻿alarms﻿in﻿the﻿intensive﻿care﻿







Rogers,﻿ Y.﻿ (2011).﻿ Interaction﻿ design﻿ gone﻿ wild.﻿ Interaction,﻿ 18(4),﻿ 58–62.﻿
doi:10.1145/1978822.1978834






and﻿ Alarm﻿ Reliability﻿ on﻿Workload,﻿Trust,﻿ and﻿ Driving﻿ Performance.﻿ Proceedings﻿
of﻿the﻿Human﻿Factors﻿and﻿Ergonomics﻿Society﻿Annual﻿Meeting,﻿59(1),﻿1535–1539.﻿
doi:10.1177/1541931215591332
International Journal of Mobile Human Computer Interaction










Trizio,﻿ M.,﻿ Occelli,﻿ C.,﻿ &﻿ Re,﻿ A.﻿ (2017).﻿ How﻿ to﻿ integrate﻿ languages﻿ on﻿ safety:﻿
a﻿ participatory﻿ information﻿ system﻿ to﻿ improve﻿ risk﻿ management.﻿ In﻿ K.﻿ Corsi,﻿
N.﻿ Castellano,﻿ R.﻿ Lamboglia,﻿ &﻿ D.﻿ Mancini﻿ (Eds.),﻿ Reshaping﻿ accounting﻿ and﻿
management﻿control﻿system.﻿Cham,﻿Switzerland:﻿Springer.
Van﻿ Erp,﻿ J.﻿ B.,﻿ Toet,﻿ A.,﻿ &﻿ Janssen,﻿ J.﻿ B.﻿ (2015).﻿ Uni-,﻿ bi-and﻿ tri-modal﻿ warning﻿
signals:﻿Effects﻿of﻿temporal﻿parameters﻿and﻿sensory﻿modality﻿on﻿perceived﻿urgency.﻿
Safety﻿Science,﻿72,﻿1–8.﻿doi:10.1016/j.ssci.2014.07.022
Wickens,﻿ C.﻿ D.,﻿ &﻿ McCarley,﻿ J.﻿ S.﻿ (2007).﻿ Applied﻿ attention﻿ theory.﻿ CRC﻿ press.﻿
doi:10.1201/9781420063363
Xiao,﻿Y.,﻿ &﻿ Seagull,﻿ F.﻿ J.﻿ (1999).﻿ An﻿ analysis﻿ of﻿ problems﻿ with﻿ auditory﻿ alarms:﻿
Defining﻿ the﻿ roles﻿ of﻿ alarms﻿ in﻿ process﻿ monitoring﻿ tasks.﻿ Proceedings﻿ of﻿ the﻿





International Journal of Mobile Human Computer Interaction
Volume 10 • Issue 4 • October-December 2018
40
Federica Cena is a researcher at the Department of Computer Science at the 
University of Torino (Italy). She is a member of the Intelligent User Interfaces 
group. She received her PhD in 2007 in the area of semantic web for distributed 
user-adaptive applications. She is working on user modeling, personalization 
and ubiquitous computing, Web 2.0 and Semantic Web for user modeling and 
adaptation. In the last years, she is mainly devoted to studying the implications 
of Internet of Things for user modeling and personalisation. She has served 
as a program committee member of several international conferences and 
workshops. She has organized several international workshops on user 
modeling.
Ilaria Lombardi received a master’s degree, magna cum laude, in Computer 
Science at the University of Torino and, after a fifteen-year experience first as 
a programmer and later as a project manager in different private companies, 
a Ph.D. in Computer Science in 2011. She currently is a research fellow at 
the University of Torino. Her research interests include the study, design, 
prototyping, implementation and evaluation of smart objects and adaptive 
systems. Moreover, she collaborates with the ICxT laboratory at the University 
of Torino on projects that foster innovation in SMEs applying new technologies 
such as Internet of Things.
Agata Marta Soccini is a PhD Student in Computer Science at University of 
Torino (Italy), and a research fellow at the National Institute of Informatics in 
Tokyo (Japan), her main research field being Virtual Reality. In Torino, she 
is a member of the EIDOS research group, mainly exploring computer vision 
in virtual reality, while in Tokyo, as a member of Inamura lab, she is focusing 
on embodiment, immersion and cognitive factors in virtual reality, and the 
application of these technologies in medical fields. She has served as a 
reviewer and a program committee member in several major international 
conferences on virtual reality, computer graphics, and digital arts.
Federico Sarzotti received his PhD in Computer Science in 2017 at University 
of Torino in the area of Internet of Things and Human Computer Interaction. 
He received two M.D. in Computer Engineering from the Polytechnic of Torino 
and the Polytechnic of Milano. After several years as IT senior auditor in the 
automotive field, he is a Computer Science teacher in a High School in Torino. 
His research interests include the Internet of Things field, artificial intelligence, 
HCI and data analysis and visualization.
International Journal of Mobile Human Computer Interaction
Volume 10 • Issue 4 • October-December 2018
41
Alessandra Re, Professor of Work and Organizational Psychology at the 
Department of Psychology, University of Torino from 1998 to 2015, was Head 
of the Doctoral School in Human Sciences of the University of Torino from 
2006 to 2010. As Vice-President, then President of the Italian Ergonomics 
Society (1998-2004), she has contributed to the growing of ergonomics as 
both an interdisciplinary academic research field and a profession that became 
established with the organisation of the first Italian Vocational Master’s 
Programmes in the field. Her main research interests and collaborations focus 
on Organizational Psychology and Ergonomics, specifically on the ergonomic 
analysis of work activity, with attention to health and safety issues and to the 
organizational improvement.
Marco Trizio, Ph.D. in Applied Psychology and Ergonomics. User Experience 
Researcher. Main research interests: User-Centered Design, usability and 
user experience; applied cognitive psychology; human-computer interaction; 
ergonomics. Principal projects: - Cognitive evaluation of an electronic 
charts display (ECDIS) in maritime domain: Evaluation of the influences of 
the technological changes in the ship deck on situation awareness and on 
anticipatory processes; usability tests of the interface; user requirements 
identification. - User centred design, usability and UX applied to mobile apps: 
Research and development of autonomous driving interaction guidelines - 
Mobile Application Development course of the Politecnico di Torino and the 
Joint Open Lab of Telecom Italia, in training engineers and psychologists 
to UCD themes, and in developing the design processes of several mobile 
apps. - Analysis and design of human-machine interfaces; - Analysis of alarm 
wearable devices; - Websites usability tests and definition of design guidelines 
(in different contexts); - Risk assessment.
Margherita Micheletti Cremasco, Researcher in Physical Anthropology at 
Dipartment of Life Sciences and Systems Biology at University of Torino 
(MIUR SSD-BIO08) from December 2008 and Member of the Executive 
Council of Innovation Interdipartimental Center “ ICxT “(ICT e Innovazione per 
Società e Territorio) - University of Torino. Teaching on: Physical Ergonomics, 
Anthropometry and Anthropology Research activity focuses on: -anthropometric 
and biomechanical surveys on Italian populations, synchronic and diachronic 
variability, the secular trend of stature, the incidence of overweight/obesity 
in relation with life style, sports, habits about technology use, and health 
implications at different ages. -human interaction with life environment and 
technological artefacts particularly about elderly (elderly-home Interaction, 
HCI in old age, human-machine interaction during ageing) -ergonomic analysis 
of work activities in various contexts, manufacturing systems, industrial and 
agricultural companies, integrating different evaluation methods to assess 
biomechanical workload, with attention to health, safety and comfort.
